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The GAMLSS Framework

Motivating examples

Centile estimation

The Dutch boys data

BMI : the BMI of 7294 boys

age : the age in years

Source: van Buuren and Fredriks (2001)
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The GAMLSS Framework

Motivating examples

Centile estimation

The Dutch boys data: statistical challenges
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The GAMLSS Framework

Motivating examples

Centile estimation

The Dutch boys data: Histograms by age
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The GAMLSS Framework

Motivating examples

Centile estimation

The Dutch boys data: centile estimation
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Centile curves using BCT
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The GAMLSS Framework

Motivating examples

Centile estimation

The Dutch boys data: centiles
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The GAMLSS Framework

Motivating examples

Centile estimation

The Dutch boys data: fan plot
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The GAMLSS Framework

Motivating examples

Centile estimation

World Health Organisation Child Growth Standards:
Girls
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The GAMLSS Framework

Motivating examples

Centile estimation

World Health Organisation Child Growth Standards:
Boys

2007  WHO Reference

BMI-for-age  BOYS
5 to 19 years (z-scores)
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The GAMLSS Framework

Motivating examples

The film data

The film data

4031 film openings in US 1988-1999:

lborev1 : the response variable
log of the (total revenues - the first week revenue),
calculated in 1987 prices

lboopen : the log the first week revenue, calculated in 1987
prices

lnosc : the log of the number of screens

dist : the type of distributor i.e. whether independent or
major distributor

Source: Voudouris et al. (2010) Go to Quiz
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The GAMLSS Framework

Motivating examples

The film data

The film data: Question of interest

Checking whether the “nobody knows anything” principle is
valid

Can we predict the extra revenue given the revenue at the first
week?

Which other explanatory variables are important?

What is the conditional distribution of the response variable
given the explanatory variables?
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The GAMLSS Framework

Motivating examples

The film data

The film data: log extra revenue against log first week
revenue
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The GAMLSS Framework

Motivating examples

The film data

The film data: log extra revenue against log number of
screens
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The GAMLSS Framework

Motivating examples

The film data

The film data: 3d plots
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The GAMLSS Framework

Motivating examples

The film data

The film data: 3d plots
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The GAMLSS Framework

Motivating examples

The film data

The film data: Least Square fit
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The GAMLSS Framework

Motivating examples

The film data

The film data: the residuals from least squares fit
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The GAMLSS Framework

Motivating examples

The film data

The film data: worm plot of the residuals
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The GAMLSS Framework

Motivating examples

The Munich rent data

The Munich rent data

rent : the monthly net rent for flats in the city of Munich.

area : the floor space area in square meters

yearc : year of construction

location : whether the location is below, 1, average, 2, or
above average 3

bath : a factor with levels indicating whether the bath
equipment is above average

kitchen : a factor with levels indicating whether the kitchen
equipment is above average

district : the district of the flat

Source: Munich rental guide 1999
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The GAMLSS Framework

Motivating examples

The Munich rent data

The Munich rent data: area and year of construction
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The GAMLSS Framework

Motivating examples

The Munich rent data

The Munich rent data: area
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The GAMLSS Framework

Motivating examples

The Munich rent data

The Munich rent data: BCCG fitted distribution
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The GAMLSS Framework

Motivating examples

The Munich rent data

The Munich rent data: district

−0.1177 0.11940
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The GAMLSS Framework

Motivating examples

The Munich rent data

The Munich rent data: worm plots
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The GAMLSS Framework

Motivating examples

The fish species data

The fish species data

fish : the number of different species in 70
lakes in the world

lake : the lake area

Source: Stein and Juritz (1988)
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The GAMLSS Framework

Motivating examples

The fish species data

The fish species data

●

●

●

●
●

●

●

●●

●
●●

●

● ●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

● ●

●

●
●

● ●●
●●

●●
●

●
●● ●●

●●
●

●

●

●

●
●●

●

●●●

0 2 4 6 8 10 12

0
5

0
1

0
0

2
0

0

log(lake)

fis
h

27



The GAMLSS Framework

Motivating examples

A stylometric application

A stylometric application

64 observations

word : is the number of times a word appears in
a single text

freq : the number of different words which occur exactly
word times in the text

Source: Dr Mario Cortina-Borja
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The GAMLSS Framework

Motivating examples

A stylometric application

The stylometric data
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The GAMLSS Framework

Motivating examples

A stylometric application

What we need for modelling the above data?

We need

flexible distributions for the response variable

to be able to deal with heterogeneity in the data

to be able to model skewness and kurtosis

to be able to model overdispersion in count data

We need modelling all the parameters of the distributions

flexible functions to model the relationship between the
parameter of the distribution and the explanatory variables
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The GAMLSS Framework

The statistical modelling philosophy

Introduction

The statistical modelling philosophy

Statistical modelling is the art of building parsimonious statistical
models for a better understanding of the phenomena of interest.

Any model is a simplification of reality therefore no model is
correct but some of them are useful

Occam’s Razor which states ‘entities should not be multiplied
beyond necessity’ or KISS (Keep It Simple Stupid)
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The GAMLSS Framework

The statistical modelling philosophy

Introduction

The statistical modelling philosophy

Far better an approximate answer to the right question, which
is often vague, than an exact answer to the wrong question,
which can always be made precise. – John W. Tukey (1962),
”The future of data analysis”, Annals of Mathematical
Statistics 33, 1-67 (page 13)

”no matter how beautiful your theory, no matter how clever
you are or what your name is, if it disagrees with experiment,
it’s wrong” (Richard Feynman)

As statisticians we should try different models and choose the
one appropriate for the data
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The GAMLSS Framework

The statistical modelling philosophy

What is GAMLSS?

What is GAMLSS?

GAMLSS: are semi-parametric regression type models.

regression type: we have many explanatory variables X and
one response variable y and we believe that X→ y

parametric: a parametric distribution assumption for the
response variable,

semi: the parameters of the distribution, as functions of
explanatory variables, may involve non-parametric smoothing
functions

GAMLSS philosophy: try different models

GAMLSS is a generalisation of GLM and GAM models.
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The GAMLSS Framework

Chronology

Chronology

Important events in the creation of the GAMLSS models

up to 1972 Linear model (Gauss) Go to LM

1972 Generalised Linear Models (Nelder and Wedderburn)
Go to GLM

1975 GLIM is released

1989 I started working at North London Polytechnic (now
London Metropolitan University) where Bob Rigby
was working
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The GAMLSS Framework

Chronology

Chronology 90’s

1990 Generalised Additive Models (Hastie and Tibshirani)
Go to GAM

1992 The LMS method of Cole and Green is published
Go to LMS

1993 Mean and Dispersion Additive Model’s (MADAM)
Go to MADAM

1999 Creation of Generalised Additive Models for Location
Scale and Shape (GAMLSS) Go to GAMLSS

35



The GAMLSS Framework

Chronology

Chronology 2000

2001 First (conference) paper on GAMLSS
The software was transferred from GLIM to R.

2002 GAMLSS paper is send to RSS
WHO contact us about GAMLSS Go to WHO

2004 The GAMLSS paper is read to the Royal Statistical
Society Go to Bob Go to Mikis

2004 The GAMLSS software is released to R (CRAN)

2005 The GAMLSS paper is published Go to GAMLSS RSS paper

2006-2012 The GAMLSS impact Go to GAMLSS impact

36



The GAMLSS Framework

GAMLSS: the current state

Distributions

GAMLSS: Distributions

There are around 80 discrete discrete , continuous continuous , and
mixed distributions, mixed , implemented as gamlss.family in the
R including highly skew and kurtotic distributions Shapes ,

creating a new distribution is relatively easy

truncating truncated an existing distribution

using a censored version of an existing distribution

mixing mixture different distributions to create a new finite
mixture distribution.

discretise discretise continuous distributions

log or logic any continuous distribution in (−∞,∞)

Go back 90 next page Additive
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The GAMLSS Framework

GAMLSS: the current state

Additive Terms

What is GAMLSS?: additive terms

Additive terms R Name

Cubic splines cs(), scs()

Varying coefficient pvc()

Penalized splines ps(), pb(), cy(), tp()

loess/ neural networks lo(), nn()

Fractional/power/picewise polynomials fp(), pp(), fk()

non-linear fit nl()

Random effects random()

Ridge regression ri()

Simon Wood’s GAM ga()

random walk and AR rw(), ar()

Table: Additive terms implemented within the gamlss packages
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The GAMLSS Framework

GAMLSS: the current state

R implementation

GAMLSS: R implementation

GAMLSS is implemented in series of packages in R

gamlss the original package

gamlss.dist for distributions

gamlss.data for distributions

gamlss.demo for demos

gamlss.nl for non-linear terms

gamlss.tr for truncated distributions

gamlss.cens for censored (left, right or interval) response variables

gamlss.mx for finite mixtures and random effects

The GAMLSS framework packages can be downloaded and
installed from CRAN, the R library at
http://www.r-project.org/ or at http://www.gamlss.org/.
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The GAMLSS Framework

GAMLSS: the current state

Model selection

GAMLSS: model selection

There are two distinct tasks in selecting a GAMLSS model

finding the right distribution
selecting the appropriate terms for each parameter of the
distribution
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The GAMLSS Framework

GAMLSS: the current state

Model selection

GAMLSS: finding the right distribution

Finding the right distribution is not trivial because it needs
good knowledge of the properties of the available distributions.

We have spend time investigating:

the behaviour of the tail of distributions go to tails

the skewness and kurtosis properties of four parameter
distributions go to properties
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The GAMLSS Framework

GAMLSS: the current state

Model selection

GAMLSS: finding appropriate terms

There are two approaches investigated here:

the classical approach based on Generalised Akaike information
criterion (GAIC) go to selection

boosting go to boosting
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The GAMLSS Framework

GAMLSS: the current state

The present and future

GAMLSS: present and future

writing two books

on gamlss.family distributions
on how to use gamlss in R

Is there more time? go to analysis for fish species data

Agent based models and GAMLSS for modelling energy
go to ACEGES

GAMLSS in C and JAVA

time series model and GAMLSS go to GEST
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The GAMLSS Framework

Conclusions

Conclusions

GAMLSS is a very flexible statistical model

It is a unified framework for univariate regression type of
models

Allows any distribution for the response variable Y

Models all the parameters of the distribution of Y

Allows a variety of penalised additive terms in the models for
the distribution parameters

The fitted algorithm is modular, where different components
can be added easily

it can easily introduced to students since it relies on known
concepts

It deals with overdispersion, skewness and kurtosis
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Conclusions

This is a collaborative work: A list of people who help
with the R implementation

Bob Rigby (no Bob no GAMLSS)

Vlasios Voudouris

Paul Eilers

Popi Akantziliotou

Gillian Heller

Majid Djennad

Fiona McElduff

Nicoleta Mortan

Raydonal Ospina

Konstantinos Pateras
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Conclusions

There are lot more to be done

the END
for more information see

www.gamlss.org
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The GAMLSS Framework

Conclusions

The linear model

Linear Model, Gauss

y = Xβ + ε where ε ∼ NO(0, σ2I)

The model can be also written as:

y ∼ NO(µ, σ2I) where µ = Xβ

Go back 70-80
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The GAMLSS Framework

Conclusions

The linear model assumptions Go back 70-80 Next page
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The GAMLSS Framework

Conclusions

The weighted linear model assumptions Go back 70-80 Next page
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Conclusions

The linear model: comments

estimation is achieved by Least Squares or Weighted Least
Squares (WLS)

the normal distribution is important for inference

we only modelling the mean as linear function of the
explanatory variables

One of the top ten reasons to become statistician (according
to Friedman, Friedman & Amoo, 2002, Journal of Statistics
Education):

“Statisticians are mean lovers”.

Go back 70-80
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The GAMLSS Framework

Conclusions

The generalised linear model

Generalised Linear Model, Nelder and Wedderburn(1972)

g(µ) = Xβ where y ∼ ExpFamily(µ, φ)

where g() is the link function

The exponential family

1 normal

2 Gamma

3 inverse Gaussian

4 Poisson

5 binomial

Go back 70-80 Next page
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Conclusions

The generalised linear model Go back 70-80 Next page
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The GAMLSS Framework

Conclusions

The generalised linear model

estimation is achieved by Iterative Reweighted Least Squares
(IRLS)

we can model discrete response variables

we are still “mean lovers”.

Go back 70-80
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Conclusions

The generalised additive model

Generalised additive model Hastie and Tibshirani (1990)

y ∼ ExpFamily(µ, φ)

g(µ) = Xβ + h1(x1) + ...+ hk(xk)

where hj(xj) are smooth functions of the X ’s.
Go back 90 Next page
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Conclusions

The generalised additive model Go back 90 Next page

40 60 80 100 120

−0
.4

0.
0

0.
2

0.
4

0.
6

Fl

Pa
rt

ia
l f

or
 p

b(
Fl

)

1900 1920 1940 1960 1980

−0
.2

0.
0

0.
2

0.
4

A

Pa
rt

ia
l f

or
 p

b(
A

)

−0
.5

−0
.3

−0
.1

B

Pa
rt

ia
l f

or
 B

0 1

Figure: A generalized additive model fit

.

55



The GAMLSS Framework

Conclusions

The generalised additive model

the estimation is achieved by modified backfitting

modified backfitting: is a combination of IRLS for the linear
part and penalised IRLS for the smoothing part.

the smoothing parameters λ’s are fixed

we are still “mean lovers”.

Go back 90
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Conclusions

The Lambda, Mu, and Sigma (LMS) method

Let Y be a random variable with range Y > 0 defined through the
transformed variable Z given by:

Z =
1

σν

[(
Y

µ

)ν
− 1

]
, if ν 6= 0

=
1

σ
log

(
Y

µ

)
, if ν = 0.

where z ∼ N(0, 1) (truncated) then Y ∼ BCCG (µ, σ, ν) = LMS
method

µ = s(x , dfµ)

log(σ) = s(x , dfσ)

ν = s(x , dfν)

Go back 90 Next page
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Conclusions

The LMS method

modelling three parameters as smooth function of one
explanatory variable

LMS is a method of centile estimation (not a distribution)

identity link for mu?

smoothing parameters (df’s) are fixed

mu is the median (not mean lovers any more)

all the parameters of the distributions are modelled as
function of one explanatory variable

Go back 90
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Conclusions

Mean And Dispersion Additive Models

Rigby and Stasinopoulos (1994, 1996a, 1996b)

y ∼ NO(µ,σ)

or

y ∼ EQL(µ,σ)

gµ(µ) = Xµβ + h1,µ(x1) + ...+ hk(xk,µ)

gσ(σ) = Xσβ + h1,σ(x1) + ...+ hk(xk,σ)

where EQL is the Extended Quasi Likelihood Nelder (1992) and
hj(xj) are smooth functions of the X ’s.

Go back 90
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Conclusions

Generalised Additive Model for Location Scale and
Shape

Generalised additive model for location scale and shape Rigby and
Stasinopoulos (2005)

y ∼ D(µ,σ,ν, τ )

gµ(µ) = Xµβ + h1,µ(x1) + ...+ hk(xk,µ)

gσ(σ) = Xσβ + h1,σ(x1) + ...+ hk(xk,σ)

gν(ν) = Xνβ + h1,ν(x1) + ...+ hk(xk,ν)

gτ (τ ) = Xτβ + h1,τ (x1) + ...+ hk(xk,τ )

where D(µ,σ,ν, τ ) can be any distribution and where hj(xj) are
smooth functions of the X ’s.

Go back next page assumptions
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Conclusions

GAMLSS assumptions Go back 90 Next page

6 8 10 12 14 16 18

5
10

15

x

y

61



The GAMLSS Framework

Conclusions

GAMLSS: comments

Any distribution

because of backfitting different additive terms can be
implemented

in fact any Gaussian Markov random field Rue and Held
(2005)

the algorithm maximised a penalised log-Likelihood for fixed
smoothing parameters

two algorithms go to algorithms to fit the model exist both using
(penalised) IRLS and backfitting.

Go back 90

62



The GAMLSS Framework

Conclusions

GAMLSS: algorithms

RS a generalization of the MADAM algorithm, Rigby
and Stasinopoulos (1996a)

CG a generalization of Cole and Green (1992) algorithm

mixed a mixture of RS+CG (i.e. j iterations of RS, followed
by k iterations of CG)

Go back 90 back to GAMLSS comments next page
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Conclusions

GAMLSS: algorithms Go back 90 back to GAMLSS comments next page
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The GAMLSS Framework

Conclusions

What is GAMLSS?: advantages of algorithms

1 flexible modular fitting procedure

2 easy implementation of new distributions

3 easy implementation of new additive terms

4 simple starting values for (µ, σ, ν, τ) easily found

5 stable and reliable algorithms

6 fast fitting (for fixed hyperparameters)

Go back 90 Go back Algorithm Go back GAMLSS comments
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Conclusions

Example of mixed distribution distributions Go back Distributions
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Conclusions

Continuous distributions: different shapes Go back Distributions
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Conclusions

Continuous distributions: different types Go back Distributions
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Conclusions

Continuous distributions: different types Go back Distributions
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Conclusions

Continuous distributions: different types Go back Distributions
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Conclusions

Continuous distributions: different types Go back Distributions
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Conclusions

The stylometric data, Go back to distributions
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Conclusions

WHO

The World Health Organisation decide in 2004-05 to adopt
the BCPE distribution Rigby and Stasinopoulos (2004) and
GAMLSS for the construction of Child Growth Standard
curves.
Since 2006, when the World Health Organisation launched the
new Child Growth Standards, over 140 countries have adopted
them.
Three books were released:

WHO Multicentre Growth Reference Study Group (2006):
Length, Height, weight and body mass index
WHO Multicentre Growth Reference Study Group (2007):
Head circumference, arm circumference, triceps circumference
and subscapular skinford
WHO Multicentre Growth Reference Study Group (2009):
Growth velocity based on weight, length and head
circumference. Go back to chronology

73



The GAMLSS Framework

Conclusions

ACEGES

ACEGES Stands for Agent-based Computational Economics of
the Global Energy System.

People: Vlasis Voudouris, Ken’ichi Matsumoto, Konstantinos
Skindilias, Bob Rigby, Paul Eilers, Michael Jefferson, John
Sedgwick, Carlo Di Maio

Interests: Oil, Gas, Electricity, Renewable energy

Go back
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Conclusions

Centile based properties, Go back to model selection
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The GAMLSS Framework

Conclusions

Question one: selection of explanatory variables
Go back to model selection

How to select explanatory variables?

x1 x2 x3 x4 x5 x6

µ

σ

ν

τ

Strategy A

Strategy B

Go back to model selection next page
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Conclusions

Questione one: strategy A Go back to model selection

Strategy A:

It starts with a forward stepwise selection using GAIC.

Each x variables is set for selection first for µ then for σ, ν
and τ

then it does a backward elimination for ν, σ and µ.

x1 x2 x3 x4 x5 x6

µ × × × ×
σ × ×
ν × ×
τ ×

Go back to model selection previous page next page
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Conclusions

Question one: strategy B Go back to model selection

Strategy B: forward stepwise selection using GAIC in which an x
variable is selected for all the parameters

Table: selecting explanatory variables

x1 x2 x3 x4 x5 x6

µ × × ×
σ × × ×
ν × × ×
τ × × ×

Go back to model selection previous page
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Conclusions

Discrete distributions: the fish species data
Go back to present and future next page
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Conclusions

Discrete distributions: the fish species data

There are several questions that need to be answered.

How does the mean of y depend on x?

Is y overdispersed Poisson?

How does the variance y depend on its mean?

What is the distribution of y given x?

Do the scale and shape parameters of the distribution of y
depend on x?

Go back to present and future next page
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Conclusions

Discrete distributions: Overdispersed count data
approaches Go back to present and future next page

Model fY (y) µ σ ν DEV df AIC SBC

1 PO x < 2 > - - 1849.3 3 1855.3 1862.0

2 NBI x 1 - 619.8 3 625.8 632.6

3 NBI x < 2 > 1 - 614.3 4 622.3 631.3

4 NBI cs(x , 3) 1 - 611.9 6 623.9 637.4

5 NBI x < 2 > x - 605.0 5 615.0 626.2

6 NBI-fam x < 2 > 1 1 606.0 5 616.0 627.3

7 NBI-fam x < 2 > x 1 604.9 6 616.9 630.4
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Conclusions

Discrete distributions: Overdispersed count data
approaches Go back to present and future next page

Model fY (y) µ σ ν DEV df AIC SBC

8 PIG x < 2 > 1 - 613.3 4 621.3 630.3

9 SI x < 2 > 1 x 597.7 6 609.7 623.2

10 DEL x < 2 > 1 x 600.6 6 612.6 626.1

11 DEL x < 2 > - x 600.6 5 610.6 621.9

12 PO-Normal x < 2 > 1 - 615.2 4 623.2 632.2

13 NBI-Normal x < 2 > x 1 603.7 6 615.7 629.2

14 PO-NPFM(5) x < 2 > - − 601.9 13 627.9 657.2

15 NB-NPFM(2) x < 2 > 1 − 611.9 6 623.9 637.4

16 doublePO x < 2 > x - 616.4 5 626.4 637.6

17 IGdisc x < 2 > 1 - 603.3 4 611.3 620.3
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Conclusions

Discrete distributions: fitted mean of the Sichel
distribution Go back to present and future next page
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Conclusions

Discrete distributions: fitted centiles
Go back to present and future next page
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Discrete distributions: fitted Sichel distributions for
observations (a) 40 and (b) 67 Go back to present and future
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GAMLSS impact

GAMLSS is used in different applied scientific fields

personal research Go to personal research

other people’s research Go to others’

more than 250 Google scholar citations

more that 5000 hits in the GAMLSS site per year Go to hits

Go back to chronology
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GAMLSS our personal research

Centile Estimation: Anthony L. Guerrerio, Duarte Freitas,
Daniel Cohen, Gavin Sandercock, David McCarthy
Medical applications: Graciela Muniz Terrera, Ardo Van Den
Hout,Stefan van Buuren, Daniel J. Hayes, D., Feiko O. ter
Kuile, Dianne J. Terlouw
Insurance data: Gillian Heller
River flow data: Floris van Ogtrop, Gillian Heller
Film data Vlasios Voudouris, Bob Gilchrist, Bob Rigby, John
Sedgwick
Financial data Nikolaos Georgikopoulos, Timemaxos
Efthimiades
Distributions Popi Akantziliotou, Fiona McElduff
Oil and Gas data Vlasios Voudouris, Kenichi Matsumoto,
Majid Djennad,

Go back impact Go back to chronology
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GAMLSS: Survival analysis Go back impact
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GAMLSS: Boosting Go back impact
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GAMLSS: Deer Go back impact
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GAMLSS: MSc thesis Go back impact
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GAMLSS: Go back impact
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GAMLSS: Eucalypt flowering Go back impact
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GAMLSS: Electricity prices Go back impact
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GAMLSS: Real Estate Go back impact
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GAMLSS: Stock Liquidity Go back impact
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GAMLSS: in chinese Go back impact
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GAMLSS: Number of hits on the website Go back to impact
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GAMLSS: Area of origin Go back to impact

99



The GAMLSS Framework

Conclusions

GAMLSS: The read paper Go back
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Mikis in RSS Go back
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Bob in RSS Go back
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Film Data Go back
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Film Data: the quiz

A small Quiz

Question 1 which film in the 90’s has made the most money?

Question 2 which film in the 90’s did badly in the first week but
subsequently did very well?

Question 3 which film in the 90’s did well in the first week but
flopped after that?

Go back
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Film Data: Answers to the quiz Go back
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The GEST Process: definition Go back to conclusions next page

GEST process

Yt |µt , σt , νt , τt ∼ D(µt , σt , νt , τt)

g1(µt) = γ1,t =

J1∑
j=1

φ1,jγ1,t−j + b1,t

g2(σt) = γ2,t =

J2∑
j=1

φ1,jγ2,t−j + b2,t

g3(νt) = γ3,t =

J3∑
j=1

φ3,jγ3,t−j + b3,t

g4(τt) = γ4,t =

J4∑
j=1

φ4,jγ4,t−j + b4,t

where bk,t ∼ N(0, σb,k)
106



The GAMLSS Framework

Conclusions

The GEST Process: SST Process Go back to conclusions next page

Skew Student t distribution

Yt |µt , σt , νt , τt ∼ SST (µt , σt , νt , τt)

µt = µt−1 + b1,t

log(σt) = log(σt−1) + b2,t

log(νt) = log(νt−1) + b3,t

log(τt − 2) = log(τt−1 − 2) + b4,t ,
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GEST Process: example Go back to conclusions next page
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GEST Process: example Go back to conclusions next page
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GEST Process: example Go back to conclusions
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Boosting Go back to conclusions
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Modelling the tail Go back to model selection
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